Abstract: Soil contamination with heavy metals is a serious concern to food production and human health. The present study was conducted to evaluate the impact of tailings from an old mining site on heavy metal contamination of soil. Using a GPS to map out different sites around the tailing dam, soil samples were taken from under grassland at the different sites, at depths of 15 cm and 1 m, using a shovel and handheld auger. The samples were prepared, acid digested, and analyzed for a multi-element suite by inductively coupled plasma atomic emission spectrometry. Results showed heavy metal concentration in the order of Cr > Zn > As > Mn > Cu > Pb > Ni > Sr > Hg. Most of the soil samples contained high concentration of As (13.46-234.6 mg kg −1 ). Soil concentrations of As, Hg, Cr, and Mn also decreased with distance from the dump material. Single contamination index of each pollutant, calculated according to the South African Soil Quality Standards revealed very high and medium pollution grades for As (index = 7.39) and Cr (index = 2.16), respectively. Arsenic is a metal associated with gold ore and soil pollution by such metals can make it infertile and unsuitable for plants.
Introduction
The concerns over the negative environmental impact of mining and the associated activities are not only for the operational periods but more importantly also on the effects even years after mining activities have ceased. One of the major concerns is the mine tailings, which is waste from mines after the ore has been extracted and is generally toxic. The composition of the waste depends on the type of mined ore and gangue and the extraction method used (Mileusnić et al. 2014) . Mining operations, such as mineral excavation, ore transportation, and disposal of mine waste, are an important cause of heavy metal contamination in the environment (Navarro et al. 2008) . Although these activities may affect relatively small areas, they could have significant impact on the environment. This is because tailings disposed onto surrounding soils are exposed to environmental factors such as wind and water erosion, which aid in mobilizing the waste's metal contents into the environment (Mileusnić et al. 2014) . Such mobilization could lead to acid mine drainage and trace metal contamination of surface soils, with resultant disruption of the natural ecosystems (El Khalil et al. 2008) . Therefore, contaminations from mine tailings not only affect the tailing sites but can cover large land areas including agricultural soils. Problems with pollution therefore arise when heavy metals mobilized into the soil solutions are taken up by plants or are moved into ground water aquifers (Sherene 2010) . Severe metal contamination in soil and high trace element accumulation in crops was detected in an abandoned mining district in Namibia (Mapani et al. 2010) . Similarly, some vegetables that were grown around the vicinity of lead and zinc mining sites in eastern China were found to contain lead and cadmium in concentrations that were 20-30 times higher than permitted limits (Li et al. 2006) . Heavy metal contamination affects the food chain, leading to health problems in humans and animals. This further compounds the health risks posed to humans and animals by direct exposure to heavy metal toxicity in mining environments.
More than a century of gold mining has left towering piles of tailings throughout Johannesburg's landscape that the current residents see as part of the natural backdrop to the city (Fig. 1) . The mine dumps, which are more than 200 around the city, contain uranium, lead, arsenic, and other heavy metals (Sherene 2010) . Weissenstein and Sinkala (2011) evaluated soil pollution with heavy metals in mine environments (Westrand Goldfields) in Johannesburg and they noted that the tailings were highly acidic, with an increase in acidity as the distance increased from the edge of the dump. Contaminations of soils with heavy metals are a constant danger because the metals cannot be degraded or destroyed and are therefore persistent in the environment. However, very few studies have been conducted to accurately measure the heavy metal concentrations in soils around the defunct gold mines in Johannesburg. Yet these studies are required for proper assessment of the environmental and public health impacts of abandoned mine wastes on the community. The present study therefore aimed at evaluating the heavy metal concentration in the tailings and vicinity of the old Princess gold mine in Johannesburg.
Materials and Methods

Geographical description of the sampling site
Princess goldmine is situated to the west and southwest of Johannesburg in Gauteng Province. The gold is contained within the conglomerates of the Witwatersrand Supergroup, and the gold-bearing reefs also contain minerals such as pyrite, traces of silver, and other metals (Weissenstein and Sinkala 2011) . Gauteng, which is the smallest but wealthiest province in South Africa, is densely populated and occupies about 1.4% of the total land area. The climate is subtropic and the province lies in the geographic coordinates of 26°10′S, 28°02′E. The province is located in the Highveld of South Africa, situated on a high-altitude plateau of extensive grasslands about 1700 m (5580 ft) above sea level. It is landlocked and surrounded by four other provinces. The temperature ranges between 15 and 26°C in summer and between 4 and 16°C in winter periods. Brief afternoon thunderstorms and rainfall are common in summer whereas winters are crisp and dry, with frost occurring in the southern areas. The wind speed is generally light (4 m s −1 ) except during thunderstorms, and average evaporation rate ranges between 109 and 246 mm mo −1 . Soil type ranges from sandy loam to clayey loam (Otto 1996; DWAF 1999) . Figure 2 shows the map of Gauteng Province. Sample collection, preparation, and analysis A handheld Garmin GPS 62s was used to map out the geographical positions of the sampling points. A shovel was used to prepare the sampling area, whereas a handheld auger drill was used to recover soil samples from under grassland at depths of 15 cm and 1 m for each sampling point (Fig. 3 ). Samples were taken separately and in duplicates using a stainless steel sampling tube, stored in clean polyethylene bags, and transported to the laboratory for analysis.
The samples were air dried at room temperature then pulverized and sieved to achieve particle size of 63.0 μm. Two grams of each sample was digested with aqua regia (HNO 3 :HCl, 1:3) at 80°C for 2 h, after which samples were left to cool at room temperature. Total concentrations of heavy metals in samples were determined by inductively coupled plasma atomic emission spectrometry (Model: AA400; Perkin Elmer, Germany). Deionized water was used as blank and also analysed between the samples to increase the confidence level of the results. The accuracy of the results was assessed by analysing the blanks. To assess the pollution degree of each metal in the area, single contamination index of each metal pollutant was calculated using the following equation (Lian et al. 2011) :
where P f is the single contamination index of heavy metal pollutant, C f is sample concentration, and S f is regional value. All statistical analyses were performed using the statistical package SPSS 11.0 for Windows (SPSS Inc., USA).
Results and Discussion
Total concentration of heavy metals in soil samples
The total concentrations of heavy metals in soils digested with aqua regia including the descriptive statistics are presented in Table 1 . The result shows high values for the heavy metals in analysed soil samples. The concentrations of the heavy metals are in the order of Cr > Zn > As > Mn > Cu > Pb > Ni > Sr > Hg. Soil concentrations of As, Hg, Cr, and Mn decreased with distance from the dump material (see supplementary  Table S1 2 ). Furthermore, metal concentrations were higher in the top soil (15 cm) than in the deeper stratum except for Pb (Table 2 ). This suggests no definite movement of the metals within the soil strata. The mobility of heavy metals in soil depends largely on both the nature of the heavy metal and the soil properties (Sherene 2010) . The result of this study agrees with the observations of many studies that have previously been conducted around mine sites in different parts of the world (Jung 2008; Sadhu et al. 2012; Onyeobi and Imeokparia 2014) . Jung (2001) and El Khalil et al. (2008) similarly reported elevated concentrations of heavy metals in mine tailings and their vicinity, with decreasing concentrations as the distance from the tailings increased. However, these observations are contrary to the reports of Weissenstein and Sinkala (2011) on Southern Africa mine tailings, who recorded increased concentrations of heavy metals in soils as the distance from the tailings increased. They attributed this observation to either the wash out effect of the suspended solids by wind and (or) water erosion or the high acidity of the soil samples, which may have aided the mobilization of Jung (2008) , in his study of heavy metal concentration in soil in a copper mine in Korea, suggested that the concentrations of metals such as Pb may increase with soil depth due to leaching from the surface under acidic conditions. Such downward leaching, if it occurs, can result in contamination of underground aquifers.
Assessment of soil pollution by heavy metals
The single contamination index of each metal pollutant calculated according to the South African Soil Quality Standards for all land uses revealed very high and medium pollution grades for As (index = 7.39) and Cr (index = 2.16), respectively (Table 3 ). This observation is in harmony with the results of previous studies on gold mine tailings. For instance, Aucamp and van Schalkwyk (2003) reported contamination of soils with heavy metals such as As, Co, Cr, Cu, and Ni in abandoned gold mine tailings near Potchefstroom. Nelushi et al. (2013) also reported high concentrations of chromium, which were well above the South African Soil Quality Standard in abandoned New Union Gold Mine Tailings of Limpopo. Rafiei et al. (2010) noted soil concentrations of As among other metals to be in excess of tolerable levels in their study of the distribution of heavy metals around the Dashkasan gold mine in Iran. Furthermore, Aucamp (2000) , in his investigation of trace element pollution of soils' downslope of gold mine tailings at Machavi, established arsenic as a priority pollutant. Arsenic, which is a common element in the natural environment is frequently a significant component in gold deposits and is often extracted as part of gold and other mining activities. Although most mining activities usually leave elevated concentrations of arsenic in the tailings, its available fraction is more influenced by soil texture and pH (Beck et al. 1997) . Mining activities have sometimes resulted in concentrations of arsenic that are toxic to humans and aquatic life. The metal is considered to be one of the most important contaminants of drinking water in the world, as it causes cancer of the skin, lungs, urinary bladder, and kidney (Sabah and Fouzul 2012) . In addition, arsenic can be breathed in or swallowed in fine dust in areas with mine tailings. Excess stomach cancer observed in Canadian gold miners was thought to be a result of exposure to arsenic, chromium, and mineral fibre (Eisler 2003) . Indeed, the International Agency for Research on Cancer (IARC 2012) defines arsenic as a group I known human carcinogen that also induces a wide array of other noncancer effects. However, its effects on health depend on the form and the total amount taken in by the body over time. Rafiei et al. (2010) further noted that elevated soil concentrations of arsenic in the vicinity of Dashkasan gold mine may render a large portion of the area unsuitable for agricultural activities, resulting in additional burden on food security. In view of all this information, the high pollution grade of arsenic observed in the vicinity of tailings in the current study is a cause for environmental and public health concern, and call for efforts for proper waste disposal and remediation of affected areas.
Conclusion
The results of this study raise some concerns regarding the potential transfer of metal contaminants through direct exposure to particles in the air or contaminated water. There is need to address these concerns in subsequent studies. 
